In this study, it was elucidated that the masticatory ability in complete denture wearers was influenced by mandibular residual ridge shape. It was confirmed that the mandibular basal area of denture foundation had an influence on the masticatory ability in complete den ture wearers by using a 25item food intake question naire method.
Methods:
The subject group consisted of 199 complete denture wearers. The mandibular residual ridge of each subject was evaluated using a replica of the ridge which was obtained with heavybody silicone impression ma terial. The basal area of each replica was measured with a digitizer. The volume and the height of each rep lica were also calculated. The masticatory ability of each subject was evaluated using a25item food intake ques tionnaire method by authors. The masticatory score of each subject was calculated to represent the masticatory ability. Furthermore, all subjects were divided into three groups (S, M, L group) according to the value of the basal area.
Results: There were statistically significant correla tions between the basal area of the residual ridge and the masticatory score (r = 0.366, p < 0.01), and also the volume of the residual ridge and the masticatory score (r = 0.314, p < 0.01). The basal area of the residual ridge, the volume of the residual ridge, and the masticatory score of the L group (29 persons) were statistically larg er than those of the M group (136 persons) and the S group (34 persons) (p < 0.05), and those values in the M group were statistically larger than those of the S group (p < 0.05).
Introduction
In recent years, epidemiological surveys have re vealed the close relationship between oral health state and quality of life (QOL). [1] [2] [3] [4] It has been re ported that dental impairment was significantly associated with a lower capacity for cognition, sight, hearing, lung volume, heart volume, muscle strength and bone mineral content, as well as self assessment of health. 5 Therefore, it is important to evaluate the masticatory function, or to know one's own masticatory ability/masticatory perfor mance. However, masticatory function is influ enced by many factors, for example, tooth loss, 6, 7 fitness of dentures, [8] [9] [10] [11] salivary secretion, 12-14 and tongue motor skill, 15 etc. In particular, the stabili ty and retention of the dentures affect the masti catory function and satisfaction of the patients. 16 It is possible to divide these factors into two main categories: factors related to proper design and fit of prosthesis; and factors related to morphological, physiological, and psychological parameters. The shape of the edentulous residual ridge, especially in the mandible, has a great influence on the sup port and retention of the complete denture. 17, 18 In daily practice, we often meet patients with a se verely resorbed residual ridge, and have trouble taking an impression of the ridge.
As the shape of the ridge is deformed by absorp tion of the residual ridge, the anatomical area, vol ume, and height of the ridge are altered. Moreover, the denture bearing area is affected by the impres sion to produce the complete denture. However, the influence of these morphologic parameters on the masticatory function is not understood in de tail. The purpose of this study was to discuss the influence of the mandibular residual ridge shape on the masticatory ability in complete denture wearers by using the questionnaire and replica model.
Materials and Methods

Subjects
One hundred and ninety nine upper and lower complete denture wearers (average age 76.7 ± 6.2 years; 98 males, 101 females) were selected as subjects. Their dentures were constructed and in serted by dentists belonging to the affiliated den tal hospitals of 6 university schools of dentistry, and all the patients had been following good clini cal courses.
Evaluation of the masticatory ability
A 25item food intake questionnaire method de veloped by the authors was used to evaluate the masticatory ability (Table 1) . 19 The food items were divided into five categories by their masticatory difficulty grades ( Table 2 ). The masticatory score (MS) of each subject was calculated to represent the masticatory ability. The MS was calculated as follows:
Mean value of the difficulty grade N (M N ) = Av erage point score in 5 food items (excluding items marked "Δ" or "□")
Evaluation of the residual ridge
The mandibular residual ridge of each subject was evaluated by using a replica of the residual ridge which was obtained with heavybody silicone im pression material filled and rubbed off against the denture border on the tissue surface of the denture. 20 The basal area of each replica (BASE) was measured with a digitizer (KD3220, Graphtec, Yokohama, Japan). The volume (weight of the replica / specific gravity of silicone impression ma terials: VOLUME) and the height (volume / basal area × 2: HEIGHT) of each replica were also calcu lated ( Fig. 1) . According to the BASE value, all subjects were divided into three groups: a small basal area group (S group) in which the BASE val ues were less than mean value minus 1 SD value, a moderate basal area group (M group) in which the BASE values ranged from the mean value mi nus 1 SD to the mean value plus 1 SD, and a large basal area group (L group) in which the BASE val 
Statistical analysis
Statistical analysis of the difference in each group was performed by oneway analysis of variance and multi range analysis (Scheffé's). The correla tion was examined by single regression analysis (SPSS ® 13.0 for Windows, SPSS Inc., Chicago, IL, USA).
Results
The values measured in each parameter are rep resented in Table 3 . There was a statistically sig nificant difference between males and females in the VOLUME and the HEIGHT (p < 0.05).
The correlations in all parameters are repre sented in Table 4 . There were statistically signifi cant correlations between age and MS (r = -0.245, p < 0.05), BASE and VOLUME (r = 0.583, p < 0.01), BASE and MS (r = 0.366, p < 0.01), VOLUME and HEIGHT (r = 0.758, p < 0.01), and VOLUME and MS (r = 0.314, p < 0.01).
According to BASE value, all subjects were di vided into three groups: a small basal area group (S group, 34 persons); moderate basal area group (M group, 136 persons); and a large basal area group (L group, 29 persons) ( Table 5) . As for the age of the subjects, there was no statistically significant difference among the three groups. The BASE of S group was statistically smaller than that of the M and L groups (p < 0.05). The BASE of the L group was statistically larger than that of the S and M groups (Fig. 2) . The VOLUME of the S group was statistically smaller than that of M and L groups. The VOLUME of the L group was statistically larg er than that of the S and M groups (Fig. 3) . The MS of the S group was statistically smaller than those of the M and L groups. The MS of the L group was statistically larger than those of the S and M groups (Fig. 4) .
Discussion
Masticatory efficiency is one of the methods of eval uating masticatory function and has been used worldwide. 68 On the other hand, a food intake ques tionnaire method for evaluation of the masticatory function in complete denture wearers has also been used in some studies. 21, 22 This method does not require any equipment or facilities, nor does it consume much time. The questionnaire meth od with 25 food items used in this study has been reported to be effective, and the validity and reli ability of the questionnaire method were already confirmed. 19 The number of food items in the ques tionnaire was reduced from 35 to 25 and was sim plified to easily use it as a clinical application. Also, the food items that subjects dislike and do not eat were excluded from the MS to avoid equat ing the food items that subject does not eat due to dislike or the food items that the subject can not eat due to the masticatory ability. The food items were divided into five categories by the hardness of the food. It is discussed in the report of the ques tionnaire method with 25 food items that the hard ness of foods was the most important factor in mas ticatory function, although there were many factors affecting masticatory ability. 19 Therefore, the use of a single food item such as peanuts seemed to be undesirable to best evaluate masticatory function.
In textbooks on prosthodontic treatment for edentulous patients, the shape of the residual ridge has an influence on the support and retention of the complete denture. 18 It is important to evaluate denture foundation, which is defined as the oral structure available to support a denture, for pre dicting successful prosthodontic treatment, espe cially in complete denture wearers. 23 From this view point, the degree of absorption of residual ridges of the patients has been discussed. Wical and Swoope reported the use of panoramic radiographs for eval uation of the mandibular edentulous residual ridge. 24 Ohtomo showed that there was no signifi cant correlation between residual ridge height us ing panoramic radiographs and masticatory per formance using the sieving method with peanuts. 25 Usually, it is described that support, stability, and retention are necessary to recover masticatory function for complete denture wearers. Perez et al. reported that the improvement of retention and stability, by correlation of gross occlusal prematu rities and by the use of denture adhesive of base reline with a soft tissueconditioning material, did not significantly alter the chewing performance or muscle activity during mastication in denture wearers. 11 Perez et al. recovered retention and sta bility of complete denture in their research, but it was not enough to improve the masticatory func tion. 11 Then, it was speculated that the support of dentures was the most important factor for secur ing the masticatory function. Atwood indicated that the vertical reduction of the residual ridge was caused by aging, mechanical force of dentures etc. 26 In this study, the result showed HEIGHT in females was statistically lower than that in males (Table 3 ). This result suggests that residual ridge resorption will more strongly occur in females com pared to males. However, it seems that the basal area as the denture bearing area will not change so much, although HEIGHT will reduce due to ag ing or mechanical force (Table 3 ). Ohtomo also showed that the basal area of the mandibular edentulous residual ridge was significantly relat ed to the masticatory efficiency of complete den ture wearers. 25 In this study, the subjects were divided into 3 groups according to the value of the BASE. This was due to the BASE value being found to be the most important independent variable by multiple linear regression analysis in our previous investi gation. 20, 25 With the value of the BASE, the rela tionship between denture foundations and the masticatory ability was discussed. A total of 68% of the subjects (136 persons) were included in the M group because their values of BASE were from mean value minus 1 SD value to mean value plus 1 SD value. As a result, there was significant cor relation between the BASE and the MS. Moreover, the MS of the S group was statistically smaller than those of the M and L groups, and the MS of the L group was statistically larger than those of the S and M groups.
Therefore, we believe that the support is the most important factor for masticatory function in complete denture wearers. Complete dentures must be supported against the biting force by a denture bearing area composed of soft tissue. As a result of this research, it is believed that a larger bearing area is needed to eat hard food.
Conclusion
It was confirmed that the basal area of denture foundation influenced the masticatory ability in complete denture wearers by using the food intake questionnaire method.
